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Abstract 
The article mainly introduces the research for a spherical shroud used in a huge space environmental simulator. The shroud is of 
the pipe-sheet structure with stainless pipes welded along copper fins. In order to enlarge the capacity of the experiment, the door 
shroud adopts spherical structure. We used a simulator to optimize the structured design. The pressure drop and temperature 
pattern of the fluid also have been checked to ensure the performance index of the shroud. The shroud is divided into several 
pieces to manufacture. The pieces are assembled while transporting to site. This way can solve the problem of large dimension 
equipment’s transportation. 
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1. Overview 
The liquid nitrogen shroud is an important device of simulating space cold and black environment. Meanwhile, 
since the low temperature of the liquid nitrogen makes the gas molecules falling on the shroud’s surface, thus, the 
shroud is also an important part of vacuum vessel pumping system. The door shroud in huge space environmental 
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simulator is changed from flat plate to spherical shape to effectively enlarge the environmental capacity inside the 
shroud. The spherical door shroud has become new tendency recently.   
2. Shroud design 
The effective diameter of the lateral shroud in the huge space environmental simulator is 7500 mm, with an 
effective length of 10000 mm. The shroud is divided in four parts: door shroud, back shroud, left lateral shroud and 
right lateral shroud. Each part is supplied with LN2 independently. The shroud covers the internal surface of the 
vacuum vessel. The shroud is of a pipe-sheet structure with stainless pipes welded along copper fins. The structure 
of the shroud in the vacuum vessel is shown in Fig. 1. Considering transportation and the limit of the road’s width, 
the shroud is divided into 16 pieces, which are manufactured and transported independently. Assembly and 
installation are conducted on-site. 

Fig. 1. The structure of the shroud in the vacuum vessel. 
 
The door shroud is a spherical structure with a diameter of 7620 mm and the space between two pipes is 
200 mm. In terms of transportation, the door shroud is divided in three pieces, with one in the middle, and the other 
two at either side. The one in the middle is the largest, with a size of 7620 mm×2610 mm×1520 mm˄L×W×H. The 
left one and the right one are symmetrical. They are assembled on a spherical surface as shown in Fig. 2. 

 
Fig. 2. Schedule view of the door shroud.  
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While assembling, the framework of the shroud is connected by bolts. The main pipes of three shroud pieces are 
connected by the casing pipe. The door shroud is supported at the head of the vacuum vessel by two specific 
hanging devices. The door shroud has the entrance for the liquid nitrogen at the bottom and exit on the top.  
The door shroud’s entrance and exit for liquid nitrogen are on the side of the door, convenient for dismantling 
and installing tube when opening and closing the door. With the entrance at the bottom and the exit on the top, soft 
metal tube is installed close to the entrance and the exit to conveniently install the door shroud. 
The copper fin of the door shroud is 1.5 mm thick. The copper fin and the stainless steel sub-pipe are two 
different materials welded together. Under normal and lower temperature, since these two materials have different 
coefficient of thermal expansion, they contract to different extent, thus leading to the thermal stress. The longer the 
welding line, the larger the stress is. In order to decrease this stress, all copper fins are welded along about 1 meter in 
length.  No welding is allowed on the joints. 
The framework has been installed on the back of the door shroud, and the outer surface of the frame has been 
installed as a radiation screen, which works to decrease thermal radiation.  
3. Shroud simulation 
In order to check the uniformity of the shroud’s temperature, the software flow master is used to build a model to 
simulate the flow of liquid nitrogen in the shroud’s sub-pipe. According to the calculation of the steady state heat 
transfer in single phase closed-cycle system, the temperature of the shroud’s sub-pipe curve can be obtained. 
3.1. Door shroud model building  
For the door shroud build model, the model’s boundary conditions are: 
a. The working substance in the shroud is liquid nitrogen˗ 
b. The door shroud liquid nitrogen’s volume flow is 8 m3 per hour, the temperature at the entrance is 82 K, 
and the liquid nitrogen pump’s outlet pressure is 0.45 MPa; 
c. The average heat load on the door shroud is 230 W/m2. 
The serial number of door shroud sub-pipe is shown in Fig. 3, the door shroud model building is shown in Fig. 4. 
After calculating, the profile of the door shroud sub-pipe temperature is obtained, which is depicted in Fig. 5. 
Table 1 shows the calculation results of the temperature at the door shroud sub-pipe. The liquid nitrogen outlet 
pressure of the door shroud is 0.397 MPa, the highest temperature of the door shroud surface is 84.45 K. The 
temperature rise of the liquid nitrogen, flow pressure loss and the temperature of the door shroud surface all met the 
performance index of the shroud. 
 

 
Fig. 3. The drawing of door shroud sub-pipe’s serial number. 
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
Fig. 4. The drawing of door shroud model building. 

Fig. 5. The door shroud temperature distribution. 
 
Table 1: The temperature of door shroud. 
Sub-pipe serial number The temperature of door shroud sub-pipe˄˅ 
1                    81.786 
6 83.367 
10 84.046 
15 84.417 
19 84.410 
26 83.911 
29 83.367 
33 82.208 
4. Door shroud modification 
4.1. Door shroud opening pore 
After the door shroud was manufactured, the user added four optical ports in the vessel head, thus the door 
shroud should also supply ports in accordance to the position of the vacuum vessel ports.  
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              Fig. 6. Drawing of opening ports in the vessel head.             Fig. 7. Drawing of opening ports in the door shroud. 
4.2. Door shroud model building after opening ports 
For the door shroud build model now with four ports, the model’s boundary input conditions are: 
a. The working substance in the shroud is liquid nitrogen; 
b. The door shroud liquid nitrogen’s volume flow is 8 m3 per hour, temperature in entrance is 82 K, liquid 
nitrogen pump’s outlet pressure is 0.45 MPa˗ 
c. The average heat load on the door shroud is 230 W/m2. 
The serial number of a door shroud sub-pipe is depicted in Fig. 8, the door shroud model building in Fig. 9. 
The temperature distribution of the door shroud sub-pipe is shown in Fig. 10. The opening ports change the flow 
pattern, the pressure drop of sub-pipe 2 to sub-pipe 7 and sub-pipe 28 to sub-pipe 33 also changes, thus the 
temperature of sub-pipes is also disturbed, the profile of temperature also fluctuates. The highest temperature of 
door shroud surface is still near 84.45 K. After opening ports, the temperature rise of liquid nitrogen, flow pressure 
loss and the temperature of door shroud surface all meet the performance index of the shroud. 
 
                 
 
Fig. 8. The drawing of door shroud sub-pipe’s serial number.                        Fig. 9. The drawing of door shroud model building. 
4.3. Door shroud opening ports reform 
There are three problems in the door shroud opening ports reform: 
a. define the position of the door shroud opening ports; 
b. clear the element copper, which infiltrates into the sub-pipe; 
c. cancel local stress. 
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
Fig. 10. Door shroud temperature distribution. 
 
The position of the door shroud opening pores is defined by the SOLIDWORKS three-dimensional drawing. 
Clear the element copper thoroughly by a sanding machine. Then weld the summary ring pipe, repair frame. 
The welding form of the confluent ring pipe and sub-pipe, which can cancel local stress is shown in Fig. 11. 
After repair, the door shroud can be assembled. 
 
 
Fig. 11. Drawing of welding form. 
5. Conclusion 
The door shroud is an important part of the cryogenic system in a huge space environment simulator. The key 
technology of the door shroud’s design, emulator and manufacture represents first class level in world. Shroud 
reform on site enlarges the environmental capacity. On July 12, 2012 the door shroud passed the verification. The 
performance index of the shroud all achieved the demands of the contract, which means the technology of the 
shroud emulator is successful.   
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